The present study aimed to evaluate the correlation of integrin α7 (ITGA7) with clinicopathological characteristics and overall survival (OS) in patients with tongue squamous cell carcinoma (TSCC), and to investigate the effect of ITGA7 knockdown on proliferation, apoptosis and stemness of TSCC cells in vitro. ITGA7 expression was measured in tumor tissues and paired adjacent normal tissues from 60 patients with TSCC using immunohistochemistry. ITGA7 expression in human TSCC cell lines and normal oral keratinocytes was measured using quantitative PCR and western blotting. Lentiviruses carrying short hairpin (sh) RNA targeting ITGA7 were used to knockdown its expression in CAL-27 and HSC-4 cells, and then proliferation, apoptosis and stemness were measured. In addition, CAL-27 and HSC-4 cancer stem cells (CSCs) were constructed and their ITGA7 expression was measured. The results demonstrated that ITGA7 was upregulated in the tumor tissues compared with the paired adjacent tissues, and its high expression was correlated with worse pathological grade, N stage, TNM stage and OS. In vitro, ITGA7 expression levels were demonstrated to be increased in the TSCC CAL-27, SCC-9, HSC-4 and SCC-25 cell lines compared to the normal HOK cell line. In CAL-27 and HSC-4 cells, ITGA7 knockdown inhibited cell proliferation, promoted apoptosis, increased CD24 expression, decreased CD44 and CD133 expression, reduced drug resistance to cisplatin and attenuated sphere formation efficiency. Finally, ITGA7 expression levels were greatly elevated in CAL-27 and HSC-4 CSCs compared with parental CAL-27 and HSC-4 cells. In conclusion, ITGA7 knockdown inhibited tumor cell proliferation and stemness in TSCC cells. These findings indicated that ITGA7 might serve as a potential marker for CSCs and may correlate with worse clinical features and prognosis in TSCC.
Introduction
Tongue squamous cell carcinoma (TSCC), one of the most common type of oral squamous cell carcinoma (OSCC) that ranks as the sixth leading cause of cancer-associated mortality worldwide, presents with more aggressive characteristics compared with other forms of OSCC; ~17,110 new cases and 2,510 mortalities due to TSCC have been reported in the United States in 2018 (1, 2) . At present, surgical resection is considered as the primary treatment option for patients with TSCC; however, the majority of patients diagnosed with TSCC are of an advanced stage, at which point surgery cannot be performed. For patients who have undergone surgery, the inevitable oral complications, including speech impediments and swallowing dysfunction notably affect quality of life (3, 4) . Although various treatments, including radiotherapy, chemotherapy and targeted therapy have been applied to patients with TSCC, unsatisfactory outcomes have been reported, partly due to distant metastasis, tumor recurrence and drug resistance (4, 5) . Therefore, it is important to identify additional reliable biomarkers to accurately monitor the progression and predict the prognosis of patients with TSCC.
Integrins, a large family of heterodimeric cell surface receptors that participate in cell-extracellular matrix and cell-cell interactions, are involved in a broad range of cellular processes, such as cell growth, cell mobility and cell signaling networks (6, 7) . As one member of the integrin family of adhesion molecules, integrin α7 (ITGA7), located on chromosome 12p13 and comprising >27 exons spanning a region of ~22.5 kb, has been reported to be a tumor suppressor in several carcinomas, including prostate cancer (8) , breast cancer (9) and melanoma (10) . By contrast, ITGA7 was determined to act as a tumor promoter in OSCC (11) and glioblastoma (12) .
In addition, ITGA7 has been reported as a functional marker of cancer stem cells (CSCs) and serves a critical role in the regulation of stem cell-like properties in a variety of cancer cells (11, 13) . Several previous studies investigated the potential role of ITGA7 in the pathogenesis of different types of carcinomas; however, the specific function of ITGA7 in TSCC remains unknown.
Based on the aforementioned reports regarding the regulatory roles of ITGA7 in tumor progression and the properties of CSCs in carcinoma, we hypothesized that ITGA7 may act as a critical regulator in the pathogenesis of TSCC. The present study aimed to detect the expression of ITGA7 in tumor and paired adjacent tissues, and to evaluate its association with the clinicopathological characteristics and overall survival (OS) of patients with TSCC. Additionally, the effects of ITGA7 knockdown were investigated on the proliferation, apoptosis and stemness of TSCC cells.
Materials and methods
Patients. A total of 60 patients with TSCC who underwent surgical treatment in The Second Affiliated Hospital of Harbin Medical University between January 2014 and December 2016 were included in the present study. The inclusion criteria were: i) Patients with a clinically and histopathologically confirmed diagnosis of TSCC; ii) received surgical resection as initial treatment; iii) archived tumor tissue and paired adjacent tissues that were stored at the Pathological Department of the hospital; and iv) clinicopathological and follow-up data were complete and accessible. Patients were excluded if they underwent radiotherapy or chemotherapy prior to surgery. The present study was approved by the Institutional Review Board of The Second Affiliated Hospital of Harbin Medical University, and written informed consent was obtained from all patients or their guardians.
Data collection. The demographic data and clinicopathological characteristics of patients, including age, gender, pathological grade, T stage, N stage, and tumor-node-metastasis (TNM) stage, which was evaluated according to the criteria of the 7th edition American Joint Committee on Cancer, were obtained from medical records. The survival data, which were used to calculate OS, were obtained from follow-up records (last follow-up date was 30/06/2018). The OS was defined as the duration from surgical treatment to patient mortality.
ITGA7 and CD133 expression in TSCC and paired adjacent tissues. Immunohistochemistry and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) were performed to detect ITGA7 expression levels; immunohistochemistry was also conducted to detect CD133 expression levels in TSCC and paired adjacent tissues.
Immunohistochemistry. TSCC and paired adjacent tissue specimens from enrolled patients were acquired from the Pathological Department of the aforementioned hospital; the samples were paraffin-embedded. Then, immunohistochemistry was performed to assess ITGA7 and CD133 expression in tumor and paired adjacent normal tissues. Briefly, paraffin-embedded tissue sections (4-µm thick) were deparaffinized with xylene and rehydrated with ethanol. Heat-induced antigen retrieval was subsequently conducted in 0.01 mol/l sodium citrate buffer (pH 6.0) using a microwave, and endogenous peroxidase activity was inhibited with freshly prepared 3% H 2 O 2 . Following blocking using 1.5% normal goat serum (Shanghai Yeasen Biotechnology Co., Ltd.) at 37˚C for 20 min, the sections were incubated at 4˚C overnight with rabbit polyclonal ITGA7 antibody (1:200; cat. no. ab203254; Abcam) and rabbit polyclonal CD133 antibody (1:100; cat. no. ab19898; Abcam). The next day, tissue sections were incubated with horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G antibody (diluted 1:1,000 in 3% bovine serum albumin; cat. no. ab6721; Abcam) at 37˚C for 90 min. Subsequently, 3,3'-diaminobenzidine and hematoxylin were applied for staining of the sections, which were then sealed with neutral tree gum. ITGA7 and CD133 expression was evaluated under a light microscope.
Assessment of ITGA7 and CD133 expression in TSCC and paired adjacent tissues. ITGA7 and CD133 expression in TSCC and paired adjacent tissues was assessed by scores based on the average intensity and percentage of positively stained cells, as described previously (14) . The intensity scores were graded as follows: 0, no staining; 1, weak staining, light yellow; 2, moderate staining, yellow brown; and 3, strong staining, brown. The percentage of stained cells was scored as: 0, 0%; 1, 1-25%; 2, 26-50%; 3, 51-75%; and 4, 76-100% positive cells. The total score was calculated by multiplying the density score and the percentage score; high expression was defined as a total score of ≥3, while low expression was defined as a total score of <3.
Cell sources and culture. Four human TSCC cell lines and one normal human oral keratinocyte cell line were purchased through a third agent company (Shanghai QeeJen Bio-Tech Co., Ltd). In detail, the CAL-27 cell line was purchased from Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, the SCC-9 cell line was purchased from American Type Culture Collection, the HSC-4 cell line was purchased from Japanese Collection of Research Bioresources Cell Bank, the SCC-25 cell line was purchased from Cell Bank of Type Culture Collection of Chinese Academy of Sciences, and the HOK cell line was purchased from ScienCell Research Laboratories, Inc.
The CAL-27 and SCC-9 cell lines were cultured in 90% RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.) with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.). The HSC-4 cell line was cultured in 90% Eagle's minimal essential medium (MEM; Gibco; Thermo Fisher Scientific, Inc.) with 10% FBS. The SCC-25 cell line was cultured in 90% Dulbecco's modified Eagle's medium/Ham's F12 medium (DMEM/F12; Gibco; Thermo Fisher Scientific, Inc.) with 10% FBS. The HOK cell line was cultured in 90% oral keratinocyte medium (ScienCell Research Laboratories, Inc.) with 10% FBS. All the cells were cultured in incubators at 37˚C under 95% air and 5% CO 2 conditions. ITGA7 and CD133 expression in TSCC and normal cell lines. qPCR, western blotting and immunofluorescence were used for the detection of the mRNA and protein expression levels of ITGA7, and western blotting and immunofluorescence were used for the detection of the expression levels of CD133, in the human TSCC cell lines CAL-27, SCC-9, HSC-4 and SCC-25 and the normal human oral keratinocyte cell line HOK (as a normal control).
Lentivirus construction and transduction into CAL-27
and HSC-4 cells. Control short hairpin RNA (shRNA) and ITGA7-targeting shRNA shuttle plasmids were constructed using the pGLV-U6 vector (Shanghai GenePharma Co., Ltd.), and transfected into 293T cells (American Type Culture Collection) together with envelope plasmids (Shanghai GenePharma Co., Ltd.) and packaging plasmids (Shanghai GenePharma Co., Ltd.) using HilyMax (Dojindo Molecular Technologies, Inc.). The cell supernatant was obtained at 48 and 72 h post-transfection. Following purification and concentrating, the corresponding lentiviruses were collected. The sequences used for the knockdown experiments were as follows: ITGA7 shRNA, forward 5'-CAC CGC TGC CCA CTC TAC AGC TTT TCG AAA AAA GCT GTA GAG TGG GCA GC-3' and reverse, 5'-AAA AGC TGC CCA CTC TAC AGC TTT TTT CGA AAA GCT GTA GAG TGG GCA GC-3'; control shRNA, forward 5'-CAC CGT TCT CCG AAC GTG TCA CGT CGA AAC GTG ACA CGT TCG GAG AA-3' and reverse 5'-AAA ATT CTC CGA ACG TGT CAC GTT TCG ACG TGA CAC GTT CGG AGA AC-3'. Subsequently, using a multiplicity of infection of 10, control shRNA and ITGA7 shRNA lentiviruses were added to the medium for the transduction of CAL-27 and HSC-4 cells with 6 µg/ml polybrene (Sigma-Aldrich; Merck KGaA) for 24 h, followed by the addition of fresh complete medium for another 48 h. Then, cells were cultured with 8 µg/ml puromycin (Thermo Fisher Scientific, Inc.) for 7 days to construct stably transduced CAL-27 and HSC-4 cells. Cells transduced with the control shRNA lentivirus were termed as the negative control (NC) group, while the cells transduced with the ITGA7shRNA lentivirus were termed as the ITGA7(-) group.
ITGA7 expression in the NC and ITGA7(-) groups. Following the construction of stably transduced CAL-27 and HSC-4 cells, ITGA7 expression was detected by RT-qPCR, western blotting and flow cytometry in the NC and ITGA7(-) groups, in order to determine successful transduction.
Effects of ITGA7 knockdown on the proliferation and apoptosis of CAL-27 and HSC-4 cells.
In the NC and ITGA7(-) groups of stably transduced CAL-27 and HSC-4 cells, the apoptotic rate was detected using a fluorescein isothiocyanate (FITC) Annexin-V Apoptosis Detection kit II (BD Biosciences). Expression levels of the cell apoptotic markers cleaved (C)-Caspase 3 and Bcl-2 were detected via western blotting. In addition, an equal quantity of cells of the NC and ITGA7(-) groups were cultured for 72 h, and the proliferative ability was detected at 0, 24, 48 and 72 h via a Cell Counting Kit-8 (CCK-8) assay (Sigma-Aldrich; Merck KGaA).
Effects of ITGA7 knockdown on CSC markers of CAL-27
and HSC-4 cells. In the NC and ITGA7(-) groups of stably transduced CAL-27 and HSC-4 cells, the CSC markers cluster of differentiation (CD)24, CD44 and CD133 were detected by RT-qPCR and western blotting. In addition, ITGA-positive cells, as well as ITGA7-negative cells, were isolated by flow cytometry, and the protein expression levels of ITGA7, CD24, CD44 and CD133 were detected by western blotting.
Effects of ITGA7 knockdown on drug resistance to cisplatin in CAL-27 and HSC-4 cells. Cisplatin (5 µM; Sigma-Aldrich; Merck KGaA) was applied to the NC and ITGA7(-) groups of stably transduced CAL-27 and HSC-4 cells for 24 h. Then, the drug resistance ability was assessed by detecting cell viability and apoptosis. Briefly, cell viability was detected via a CCK-8 assay and the relative cell viability of the ITGA7 (-) group was calculated according to the reference values of the NC group. The rate of cell apoptosis was determined using an FITC Annexin-V Apoptosis Detection Kit II.
Effects of ITGA7 knockdown on the sphere formation ability of CAL-27 and HSC-4 cells. The sphere formation ability of the NC and ITGA7(-) groups of stably transduced CAL-27 and HSC-4 cells was analyzed by a sphere formation assay. Briefly, transduced CAL-27 and HSC-4 cells were cultured in DMEM/F12 medium supplemented with 2% B27 (Gibco; Thermo Fisher Scientific, Inc.), 20 ng/ml epidermal growth factor (EGF; Sigma-Aldrich; Merck KGaA), 20 ng/ml basic fibroblast growth factor (bFGF; Gibco; Thermo Fisher Scientific, Inc.) and 4 µg/ml heparin (Sigma-Aldrich; Merck KGaA) for 10 days; spheres of a diameter >50 µm were counted under a light microscope (Olympus Corporation). The sphere formation ability was calculated by dividing the number of these spheres by the total number of seeded cells (200) x1,000. In addition, the sphere formation assay was conducted using the extreme limiting dilution method. CAL-27 and HSC-4 cells were cultured in DMEM/F12 medium supplemented with 2% B27, 20 ng/ml EGF (Sigma-Aldrich; Merck KGaA), 20 ng/ml bFGF and 4 µg/ml heparin (Sigma-Aldrich; Merck KGaA) for 10 days in a 24 well-plate at densities of 1,000, 100 or 10 cells per well. Subsequently, spheres with a diameter >50 µm were counted under a light microscope (Olympus Corporation) and the sphere formation ability was calculated using an extreme limiting dilution analysis software (http://bioinf.wehi.edu. au/software/elda/) (15) .
Expression of ITGA7 in CAL-27 and HSC-4
CSCs. CAL-27 and HSC-4 CSCs were generated by establishing drug-resistant cells, followed by detection with a sphere formation assay (16) . Briefly, 5 µM cisplatin was applied to CAL-27 and HSC-4 cells for 72 h, and then cisplatin-free medium was applied to cells for another 72 h; these processes were repeated until no effect of cisplatin on cell viability/proliferation was observed by the CCK-8 assay. A sphere formation assay was performed as aforementioned, and spheres of CAL-27 and HSC-4 CSCs were isolated by centrifugation (300 x g at room temperature for 3 min). To determine the successful establishment of CSCs, the expression levels of CSC markers CD24, CD44 and CD133, as well as ITGA7, were detected by RT-qPCR and western blotting in CAL-27/HSC-4 CSCs and normal parental CAL-27/HSC-4 cells.
RT-qPCR. TRIzol ® reagent (Thermo Fisher Scientific, Inc.) was used for the extraction of total RNA. The ReverTra Ace ® qPCR RT kit (Toyobo Life Science) was used to transcribe 1 µg RNA into cDNA. SYBR ® Green Realtime PCR Master Mix (Toyobo Life Science) was used for qPCR, which was performed as follows: 95˚C for 5 min, followed by 40 cycles of 95˚C for 5 sec and 61˚C for 30 sec. The sequences of primers employed for qPCR are listed in Table I . Relative fold changes in mRNA expression were calculated using the 2 -ΔΔCq method (17, 18) . GAPDH was used as the internal reference.
Western blotting. Radioimmunoprecipitation assay buffer (Thermo Fisher Scientific, Inc.) was used for the extraction of total protein, and a Pierce™ BCA Protein Assay kit (Thermo Fisher Scientific, Inc.) was used to determine protein concentration; a standard curve was used for adjustments. The protein sample (20 µg) was fractionated via a NuPAGE™ 4-12% Bis-Tris Protein Gel (Invitrogen; Thermo Fisher Scientific, Inc.), and then transferred to nitrocellulose filter membranes (EMD Millipore). Subsequently, the membranes were blocked using 5% skim milk for 2 h at 37˚C, and were incubated with primary antibodies overnight at 4˚C. After the secondary antibody was applied for 1 h at room temperature, Pierce™ Enhanced Chemiluminescence Plus Western Blotting Substrate (Thermo Fisher Scientific, Inc.) was used for the visualization of bands, which were then exposed using X-ray film (Kodak). GAPDH was used as the internal reference. The detailed information regarding the antibodies employed for western blot analysis are listed in Table II. Immunofluorescence. Cells were fixed with 4% paraformaldehyde for 10 min at room temperature, permeabilized with 0.2% Triton X-100 for 5 min and blocked with PBS containing 2% BSA for 1 h at room temperature. Cells were then incubated with primary antibodies targeting ITGA7 (1:200; cast. no. ab203254; Abcam) and anti-CD133 (1:100; cat. no. ab19898; Abcam) overnight at 4˚C. Following three washes with PBS, cells were incubated with an FITC-conjugated goat anti-rabbit immunoglobulin G antibody (1:1,000; cat. no. ab6717; Abcam) for 1 h at 37˚C. The nuclei were counterstained with DAPI. Images were obtained using a BX41 fluorescence microscope (Olympus Corporation) at x400 magnification.
Flow cytometry. Cells were harvested and washed with PBS, and then incubated with rabbit polyclonal antibody against 
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Forward primer (5'-3') Reverse primer (5'-3')   ITGA7  GCCACTCTGCCTGTCCAATG  GGAGGTGCTAAGGATGAGGTAGA  CD24  GCTCCTACCCACGCAGATTT  CACGAAGAGACTGGCTGTTGA  CD44  ACATCCTCACATCCAACACCTC  CCTCCTGAAGTGCTGCTCCT  CD133  GCTGCTTGTGGAATAGACAGAATG  GAAGGACTCGTTGCTGGTGAAT  GAPDH GAGTCCACTGGCGTCTTCAC ATCTTGAGGCTGTTGTCATACTTCT ITGA7, integrin α7. 
Results
Baseline characteristics in patients with TSCC. A total of 60 patients with TSCC were enrolled with a mean age of 55.2±10.5 years, comprising 44 males and 16 females (Table III) . Regarding pathological grade, the number of patients with TSCC in grade (G)1, G2 and G3 were 8 (13.3%), 42 (70.0%) and 10 (16.7%), respectively. There were 10 (16.7%), 24 (40.0%), 24 (40.0%) and 2 (3.3%) patients with TSCC of TNM stage I, II, III and IV, respectively. The detailed information of other clinicopathological characteristics of the patients is presented in Table III .
Comparison of ITGA7 expression between tumor tissue and paired adjacent tissue. Immunohistochemistry was conducted for the detection of ITGA7 expression in tumor and paired adjacent tissues; representative images of high and low ITGA7 staining are presented in Fig. 1A . The results from the immunohistochemistry analysis demonstrated that the protein expression levels of ITGA7 were increased in the tumor tissues compared with paired adjacent tissues (P=0.019; Fig. 1B) . Similar results were obtained by RT-qPCR analysis for the ITGA7 mRNA expression levels (P<0.001; Fig. 1C ). In addition, the expression of the CSC marker CD133 was detected by immunohistochemistry in the patient tissues (Fig. S1A) . The results revealed that CD133 expression was upregulated in tumor tissues compared with adjacent normal tissues (P=0.048; Fig. S1B ).
Association between ITGA7 expression and the clinicopathological characteristics of patients with TSCC. Increased protein expression of ITGA7 was associated with advanced pathological grade (P=0.021), and higher N (P=0.011) and TNM (P=0.005) stages. However, no association between ITGA7 protein expression and age (P=0.465 and 0.876) or gender (P=0.876) was observed in patients with TSCC (Table IV ). In addition, high ITGA7 mRNA expression was associated with advanced pathological grade (P=0.003), increased T stage (P=0.002) and higher TNM stage (P=0.010) in patients with TSCC (Table IV) . stage (P<0.001) were associated with poorer OS in patients with TSCC (Table V) . However, when multivariate Cox analysis was performed, only TNM stage could independently predict OS, while high ITGA7 expression (protein or mRNA) was not an independent factor for predicting shorter OS in patients with TSCC. This suggested that ITGA7 may be indirectly associated with poor prognosis by affecting tumor size, pathological grade or lymph node metastasis in patients with TSCC. ITGA7 knockdown in CAL-27 and HSC-4 cells. In order to investigate the underlying mechanism of ITGA7 in CAL-27 and HSC-4 cells, control NC shRNA and ITGA7 shRNA lentiviruses were constructed and used to transduce these cell lines, hence generating the NC and ITGA7(-) cell groups, respectively. In CAL-27 cells, the mRNA (P<0.001; Fig. 4A ) and protein (Fig. 4B ) expression levels of ITGA7 were downregulated in the ITGA7(-) group compared with the NC group. Additionally, a similar trend of ITGA7 expression at the mRNA (P<0.001; Fig. 4C ) and protein ( Fig. 4D ) levels was observed between the ITGA7(-) and NC groups of HSC-4 cells. These findings suggested the successful construction of stably transduced ITGA7-silenced TSCC cell lines. In addition, the results of flow cytometry demonstrated that the percentage of ITGA7+ cells was decreased in the ITGA7(-) group compared with the NC group, for both the CAL-27 and HSC-4 cell lines (P<0.01; Fig. S2A-D) . group compared with the NC group at 48 (P<0.05) and 72 h (P<0.01) for CAL-27 cells (Fig. 5A ), and at 48 (P<0.05) and 72 h (P<0.05) for HSC-4 cells (Fig. 5E) . The rate of cell apoptosis was increased in the ITGA7(-) group compared with the NC group for CAL-27 cells (P<0.01; Fig. 5B and C) and HSC-4 cells (P<0.05; Fig. 5F and G) . Western blot analysis revealed that the expression of the apoptotic protein marker C-Caspase 3 was increased, but the expression of the anti-apoptotic Bcl-2 was decreased, in the ITGA7(-) group compared with the NC group for CAL-27 cells (Fig. 5D ) and HSC-4 cells (Fig. 5H) . These findings indicated that ITGA7 knockdown inhibited cell proliferation, but promoted apoptosis in CAL-27 and HSC-4 cells.
Association between ITGA7 expression and the OS of patients
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Effects of ITGA7 knockdown on regulating common CSC markers in CAL-27 and HSC-4 cells.
To investigate the effects of ITGA7 knockdown on the stemness of TSCC cells, the expression of the common CSC markers CD24, CD44
and CD133 was examined in CAL-27 and HSC-4 cells. RT-qPCR and western blotting demonstrated that the mRNA and protein expression of CD24 (P<0.001; Fig. 6A and D) were increased, while that of CD44 (P<0.01; Fig. 6B and D) and CD133 (P<0.01; Fig. 6C and D) were decreased in the ITGA7(-) group compared with the NC group of CAL-27 cells. Additionally, similar trends were observed in the expression of CD24 (P<0.05; Fig. 6E and H) , CD44 (P<0.05; Fig. 6F and H) and CD133 (P<0.01; Fig. 6G and H) between the ITGA7(-)and NC groups of HSC-4 cells. These results suggested that ITGA7 knockdown regulated the expression of common CSC markers in CAL-27 and HSC-4 cells.
In addition, immunofluorescence experiments were performed to detect ITGA7 and CD133 expression in TSCC cell lines and the normal human oral keratinocytes cell line, and the results revealed that ITGA7 and CD133 expression levels were markedly increased in human TSCC cell lines CAL-27, SCC-9, HSC-4 and SCC-25 compared with the 
A, Univariate analysis
Cox proportional hazards regression model Cox proportional hazards regression model The patients were divided into high or low ITGA7 mRNA expression groups based on the median value of ITGA7 mRNA relative expression. Factors affecting OS were determined by univariate and multivariate Cox proportional hazards regression analysis. Significant P-values are denoted in bold font. ITGA7, integrin α7; HR, hazards ratio; CI, confidence interval; T, tumor; N, node; TNM, tumor-node-metastasis. normal HOK cells (Fig. S3 ). Furthermore, ITGA7-positive cells and ITGA7-negative cells were sorted, and the protein expressions of ITGA7, CD24, CD44 and CD133 were detected in the separate cell populations by western blot analysis. The results demonstrated that ITGA7, CD44 and CD133 protein expressions were increased, while CD24 protein expression was decreased in ITGA7-positive cells compared with ITGA7-negative cells in both CAL-27 and HSC-4 cell lines (Fig. S4) . These findings indicated that high ITGA7 expression was associated with high expression of CSC markers in TSCC cells. Effects of ITGA7 knockdown on drug resistance to cisplatin in CAL-27 and HSC-4 cells. To further explore the role of ITGA7 in the stemness of TSCC cells, the effect of ITGA7 knockdown on drug resistance to cisplatin was investigated in CAL-27 and HSC-4 cells. A CCK-8 assay revealed that the relative cell viability decreased in the cisplatin + ITGA7(-) group compared with the cisplatin + NC group for CAL-27 cells (P<0.01; Fig. 7A ) and HSC-4 cells (P<0.05; Fig. 7D ).
In addition, the rate of apoptosis increased in the cisplatin + ITGA7(-) group compared with the cisplatin + NC group of CAL-27 cells (P<0.01; Fig. 7B and C) and HSC-4 cells (P<0.05; Fig. 7E and F) . These results suggested that ITGA7 knockdown decreased drug resistance to cisplatin in these cell lines.
Effects of ITGA7 knockdown on sphere formation ability of CAL-27 and HSC-4 cells.
To further validate the effects of ITGA7 knockdown on the stemness of TSCC cells, sphere formation assays were performed in CAL-27 and HSC-4 cells.
The results demonstrated that the sphere formation ability was reduced in the ITGA7(-) group compared with the NC group for CAL-27 cells (P<0.01; Fig. 8A and B ) and HSC-4 cells (P<0.05; Fig. 8C and D) . In addition, an extreme limited dilution assay revealed that the sphere formation ability was reduced in the ITGA7(-) group compared with the NC group for CAL-27 and HSC-4 cells (both P<0.001; Table SI ). These data indicated that ITGA7 knockdown decreased the sphere formation ability of CAL-27 and HSC-4 cells. Therefore, the aforementioned findings that ITGA7 regulated the expression of CSC markers, decreased drug resistance to cisplatin and suppressed sphere formation in CAL-27 and HSC-4 cells, indicated that ITGA7 knockdown may suppress TSCC cell stemness.
Potential of ITGA7 as a marker for CAL-27 and HSC-4 CSCs.
In order to explore whether ITGA7 is a potential marker for TSCC stem cells, the expression of ITGA7 in drug-resistant (R-) CAL-27 and R-HSC-4 CSCs was detected, and sphere formation assays were performed. A CCK-8 assay demonstrated no notable differences between the R-CAL-27 + cisplatin ( Fig. 9A ) and R-HSC-4 + cisplatin groups (Fig. 9I ) at 0, 24, 48 and 72 h (P>0.05), which indicated the successful generation of drug-resistant cells. In addition, a sphere formation assay was performed for CAL-27 ( Fig. 9B ) and HSC-4 ( Fig. 9J) expression of common CSC markers was detected; the mRNA and protein expression levels of CD24 ( Fig. 9D and H) were decreased, while those of CD44 (P<0.01; Fig. 9E and H) and CD133 (P<0.001; Fig. 9F and H) were increased in CAL-27 CSCs compared with parental CAL-27 cells. Additionally, similar trends in the expression of CD24 (P<0.01; Fig. 9L and P), CD44 (P<0.01; and Fig. 9M and P) and CD133 (P<0.001; Fig. 9N and P) were observed for HSC-4 CSCs compared with parental HSC-4 cells, which suggested that CAL-27 and HSC-4 CSCs were successfully obtained. Following the successful establishment of CAL-27 and HSC-4 CSCs, the expression of ITGA7 was detected in the TSCC stem cells. The results revealed that the mRNA and protein expression levels of ITGA7 were increased in CAL-27 CSCs compared with parental CAL-27 cells (P<0.001; Fig. 9G and H) , and in HSC-4 CSCs compared with parental HSC-4 cells (P<0.01; Fig. 9O and P).
These findings indicated that ITGA7 may be a potential marker of TSCC stem cells.
Discussion
Integrins are a type of heterodimeric cell-surface adhesion molecule expressed in all nucleated cells (18) . As one of the common integrins, ITGA7, which forms a heterodimer with integrin β1, has been reported to be critical for tumor propagation and the regulation of CSC-associated properties (9) (10) (11) . Controversial findings regarding the role of ITGA7 have been reported for patients with cancer, and this may be partly due to variations in the types of cancer and samples analyzed, or the inclusion and exclusion criteria applied for the enrollment of patients. However, the association between ITGA7 expression and the clinicopathological characteristics and prognosis of patients with TSCC was unknown (9, 11) . In the present study, ITGA7 was determined to be upregulated in tumor tissues compared with in paired adjacent tissues, and its high expression was associated with increased pathological grade, higher N stage, and advanced TNM stage in patients with TSCC. The potential explanations for these observations are hypothesized as follows: i) ITGA7 promotes cell migration and invasion, and inhibits cell apoptosis by interacting with the epithelial-mesenchymal transition (EMT), focal adhesion kinase (FAK)/Akt or other signaling pathways to enhance tumor growth and metastasis, which may then be associated with increased pathological grade, higher N stage and advanced TNM stage in patients with TSCC (11, 19) ; and ii) ITGA7 could induce the stemness of TSCC cells to promote self-renewal and malignant phenotypes in cancer cells, which may then contribute to the poor prognosis of patients with TSCC. In addition, the potential of ITGA7 as an indicator of prognosis for patients with TSCC was investigated in the present study.
The results demonstrated that upregulated ITGA7 expression was associated with poor OS in patients with TSCC, which was in accordance with previous studies that reported a negative correlation of ITGA7 expression with OS in patients with esophageal squamous cell carcinoma and glioma (11, 12) . The possible reasons were as follows: i) ITGA7 was associated with worse clinicopathological characteristics, leading to poor prognosis and reduced OS in patients with TSCC; and ii) ITGA7 may promote drug resistance by inducing the stemness of TSCC cells. This could be associated with the unsatisfactory treatment outcomes and poor OS in patients with TSCC.
Recently, although limited data have been reported, investigations into the molecular mechanism underlying the effects of ITGA7 on the pathogenesis of carcinomas has been a novel research focus. For example, ITGA7 was determined to induce EMT promoting tumor metastasis, and to activate FAK/Akt signaling suppressing cell apoptosis, in esophageal squamous cell carcinoma (11) . In lung cancer, ITGA7 induces cell migration and invasion by binding with S100 calcium binding protein P (19) . The role of ITGA7 as a tumor promoter has been identified in several carcinomas; however, few studies have determined the effects of ITGA7 on the pathogenesis of TSCC. In the present study, RT-qPCR and western blot analyses were conducted to detect the mRNA and protein expression levels of ITGA7 in the human TSCC cell lines CAL-27, SCC-9, HSC-4, SCC-25 and the normal human oral keratinocytes cell line HOK. The present findings revealed that ITGA7 was upregulated in human TSCC cell lines compared with the normal HOK cell line. Subsequently, control shRNA and ITGA7-shRNA lentiviruses were constructed and transduced into CAL-27 and HSC-4 cells; CCK-8 and Annexin-V/PI staining assays were performed to investigate the effects of ITGA7 knockdown on the proliferation and apoptosis of TSCC cells. The results revealed that ITGA7 knockdown suppressed proliferation, but promoted apoptosis in CAL-27 and HSC-4 cells.
According to previous studies, ITGA7 has been reported as a functional CSC marker and is involved in the regulation of stem cell-like properties in several types of cancer. For instance, ITGA7 upregulates the expression of stemness-associated genes (including octamer-binding transcription factor 4, sex determining region Y-box 2, Nanog homeobox and CD90), and promotes the self-renewal ability of esophageal squamous cell carcinoma cells via the activation of the FAK-mediated signaling pathways (11) . Furthermore, in vitro and in vivo experiments demonstrated that ITGA7 contributes to the growth and invasion of glioblastoma stem-like cells, potentially through interacting with laminin-induced outside-in signaling (12) . These previous data indicated that ITGA7 may serve a critical role in regulating the stemness of cancer cells. In order to explore whether ITGA7 affected TSCC cell stemness, the present study investigated the effects of ITGA7 knockdown on the expression of common CSC markers (CD24, CD44 and CD133), drug resistance to cisplatin, as well as sphere formation ability. The findings indicated that ITGA7 knockdown promoted the expression of CD24, while it downregulated that of CD44 and CD133, compared with the NC group of CAL-27 and HSC-4 cells. This suggested that ITGA7 knockdown regulated the expression of common CSC markers in TSCC cells. In addition, ITGA7 knockdown reduced drug resistance to cisplatin and decreased the sphere formation ability of CAL-27 and HSC-4 cells. These observations supported the findings of a recent study, which revealed that the apoptotic index of ITGA7-silenced esophageal squamous cell carcinoma cells increased after 48 h exposure to chemotherapeutic reagents (11) . Furthermore, ITGA7-silenced KYSE180 and KYSE520 cells formed smaller and fewer spheroids compared with control cells (11) . Therefore, the present results indicated that ITGA7 knockdown decreased TSCC cell stemness.
Based on the findings that ITGA7 regulated TSCC cell stemness, as evidenced by the regulation of CSC marker expression and the reductions in drug resistance and sphere formation, it was hypothesized that ITGA7 may be a novel potential marker of TSCC stem cells. Thus, CAL-27 and HSC-4 CSCs were generated by establishing drug-resistant cells, which were verfied via a sphere formation assay and analysis of CSC marker expression. The present study reported that the mRNA and protein expression levels of ITGA7 were increased in CAL-27 CSCs compared with parental CAL-27 cells; similar findings were obtained for HSC-4 CSCs. These results indicated that ITGA7 may act as a potential marker for TSCC stem cells. Therefore, the findings of the present study provided novel and comprehensive insight into the molecular mechanisms underlying the role of ITGA7 in the pathogenesis of TSCC.
In summary, ITGA7 was determined to be upregulated in tumor tissues, and its high expression was associated with worse clinicopathological characteristics and poor overall survival in patients with TSCC. In addition, ITGA7 knockdown suppressed proliferation and stemness, but promoted apoptosis, in TSCC cells in vitro. The present findings indicated that ITGA7 may serve as a potential marker for TSCC stem cells.
